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11  SUmSMtHTAKV  NOTATION 


MID  |  Gftous  I  SUMNXS  I  Cyanide,  Antidote,  Ketoacids,  alpha-Ketoglutaric  Acid 


The  purpose  of  this  project  has  been  to  investigate  the  development  of  an  antidotal  and/o 
prophylactic  agent  to  antagonise  the  toxic  effects  of  cyanide  (CN).  The  work  centered 
around  carbonyl  containing  chemicals  -  alpha-koto  acids.  Alpha-ketobutyric  (alpha -KB), 
glutamic,  alpha-ketoglutaric  (alpha-KG),  B-ketoglutaric  (B-KG),  dehydroascorbic  and  pyruvic 
(FRY)  acids  were  studied.  Alpha -Ketoacids  were  shown  to  bind  cyanide  in  vitro.  Evidence  of 
this  binding  la  the  decreased  concentration  of  alpha-keto  acids  and  the  decreased  quantities 
of  cyanide  released  from  mixtures  of  potassium  cyanids  and  alpha-keto  acids.  Adult  nice, 
rats  and  dogs  (laboratory  raised)  have  bean  domed  with  alpha-keto  acids  both  pr&phylacti- 
cally  and  antldotally  bp  Intrapsr it onaal  adnini strut lan.  Alpha -BB  showed  the  leaser  toxicity 
(up  to  4.0  grams /kg)  although  other  koto  ae&ds  unco  slightly  asm  effective  as  antidotes. 
Studios  into  the  am  wham  ism  have  boon  damn,  alpha  BB  dses  present  tin  inhibition  of  cyto- 

amd  has  ns  offset  am  the  tmnsmlfumsn,  rhsdansse.  Alpha -EC  does 


19.  Abstract  (c 


In  studies  involving  the  dogs,  nine  cardiovascular  and  thirteen  blood  gas  par —fra 
were  measured  and  evaluated  for  the  antagohistic  effects  of  alpha-KG  on  cyanide  tedelty^ 
In  the  dog,  alpha-KG  reverses  some  of  the  toxic  effects  of  cyanide  on  the  heart  (parti¬ 
cularly  arrhythmias).  Also,  the  administration  of  alpha-RG  prevents  circnlatory  eoClepes 
and.  blond  pressure  was  also  maintained  during  cyanide  infusion  to  these  animals.  J 

Metabolic  acidosis,  a  toxic  effect  of  cyanide,  did  not  appear  until  the  aafamla  msra^/ 
near  death.  Lethal  blood  levels  of  cyanide  in  alpha -KG  treated  animals  aumuailmf 
levels  of  5-7  mcgZ  cyanide,  which  is  5-7  times  the  expected  lethal  levels r^From  these 
studies,  alpha -KG  is  effective  in  antagonising  administered  dose  of  CN  of  five  times  the 
lethal  dose  before  the  toxic  effects  are  irreversible. 


3 


FOREWORD 

In  conducting  the  research  described  In  this  report*  the  Investigators 
adhered  to  the  "Guide  for  the  Care  and  Use  of  Laboratory  Animals",  Institute  of 
Laboratory  Animal  Resources.  National  Research  Council  (DHEW  Publication  No. 
[NIH]  86-23.  Revised  1985). 
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I.  Toxicity  Studies  of  Keto  Acid  Compounds 

Groups  of  five  male  ICR  mice  {20-24  g)  were  used.  Solutions  of  the  acids; 
a-ketoglutaric  (a-KG),  a-ketobutyric  (a-KB),  pyruvic  ( PYR) ,  P-ketoglutarlc 
(8-KG)  and  dehydroascorblc  (DEH)  were  used.  The  solutions  were  Injected 
i.p.  at  a  minimum  volume  of  0.2  ml. 


TABLE  1. 

Lethality  of  Keto  Acids 


Acid 

1.0  g/kg 

Dose 

2.0  g/kg 

4.0  g/kg 

a-KG 

0/5 

0/5 

0/5 

a-KB 

0/5 

0/5 

PYR 

0/5 

0/5 

8-KG 

0/5 

0/5 

DEH 

2/5 

3/5 

Results  are  expressed  as  dead  animals  over  total  animals  used. 


These  studies  show  that  only  DEH  acid  produced  deaths  in  mice  in  the  doses 
used.  o-KB,  and  PYR  acids  were  not  lethal  to  any  mice  at  the  1.0  and  2.0 
g/kg  doses  used.  Previous  research  with  a-KG  acid  had  shown  that  a  dose  of 
2.0  g/kg  could  be  used  in  studies  of  antagonism  of  CN  in  mice.  a-KG  could 
be  administered  In  a  saturated  solution  at  a  dose  level  of  4.0  g/kg  with 
only  slight  lethargy  and  tremors  noted  as  the  result. 


II.  Studies  on  the  Binding  of  Cyanide  by  a-Keto  Acids 

A.  Studies  by  ultraviolet  spectrophotometry 

In  the  first  experiments,  ultraviolet  spectra  of  solutions  of  0.05  M 
concentrations  of  a-KG,  a-KB,  and  6-KG  were  obtained.  A  spectrum  of  potassium 
cyanide  (KCN)  was  also  obtained.  Increasing  concentrations  of  CN  were  added  to 
solutions  of  the  keto  acids  and  the  alterations  In  UV  spectra  noted  (Figures 
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FIGURE  1. 


Ultraviolet  sprecta  of  8-ketoglutarlc  acid  and  Increasing  concentration  of 
potassium  cyanide. 
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NANOMETERS 

FIGURE  2. 


Ultraviolet  spectra  of  a-ketobutyrlc  acid  and  Incroaslng  concentrations  of 

potassium  cyanide. 


FIGURE  3. 

Ultraviolet  spectra  of  pyruvic  acid  and  Increasing  concentrations  of 
potassium  cyanide. 


FIGURE  4. 

Ultraviolet  spectra  of  a-ketoglutarlc  acid  and  Increasing  concentrations  of 
potassium  cyanide. 


From  these  spectra  it  can  be  seen  that  the  keto  acid  chromophores  of  a-KG 
and  a-KB  are  diminished  greatly  when  KCN  is  added.  A  new  chromophore  is 
observed  at  288  nm.  This  chromophore  is  proposed  to  be  the  cyanohydrin  of  each 
alpha  keto  acid. 

Thus,  it  can  be  concluded  that  a-KG,  PYR  and  a-KB  bind  with  cyanide 
spontaneously  and  to  a  very  high  extent.  In  fact,  the  a-keto  acid  disappears, 
indicating  a  very  desirable  degree  of  binding  cyanide  for  antidotal  purposes. 

It  is  also  concluded  that  B-KG  does  not  bind  to  CN  since  the  spectrum  of  8-KG  is 
essentially  unchanged  by  the  increasing  amounts  of  cyanide  present. 

B.  Studies  by  High  Performance  Liquid  Chromatography 

Evidence  of  this  binding  was  also  obtained  by  a  method  using  high 
performanceR1iquid  chromatography  (Waters,  Model  440).  The  column  was  an 
InteractionK  0RH-801  Organic  Acid.  The  detector  was  electrochemical  equipped 
with  a  glassy  carbon  electrode.  The  mobile  phase  was  0.03  N  H^SO..  The  a-keto 
acids  were  injected  into  this  system  in  the  absence  of  CN.  The  peak  area  of 
each  a-keto  acid  was  measured.  Then  various  molar  ratios  of  a-keto  acidrCN  were 
injected  into  the  HPLC  system  and  the  peak  area  of  the  a-keto  acid  measured. 

The  peak  areas  of  the  a-keto  acid  without  CN  and  with  CN  were  compared.  Any 
reduction  in  the  peak  area  of  the  a-keto  acid  in  the  presence  of  CN  was  assumed 
to  be  due  to  binding  of  the  a-keto  acid  and  CN. 


FIGURE  5. 


In  this  figure  the  y-axis  represents  the  peak  area  of  B-ketoglutaric  acid. 
The  x-axIs  illustrates  the  combination  of  B-ketoglutaric  acid  and  cyanide 
analyzed. 

It  can  be  observed  from  Figure  5  that  there  is  no  reduction  in  the  peak 
area  of  B-KG  with  Increasing  concentrations  of  KCN.  Thus,  it  Is  concluded  that 
no  binding  reaction  between  B-KG  and  CN  has  occurred. 
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0  12  4  KCN  RATIO  ! 

FIGURE  6. 

In  this  figure  the  y-axls  represents  the  peak  area  of  a-ketobutyric  acid. 
The  x-axis  illustrates  the  combination  of  molar  ratios  of  a-ketobutyric  acid  and 
cyanide  analyzed. 

From  Figure  6  it  can  be  concluded  that  the  concentration  of  KCN  does  affect 
the  peak  area  of  the  a-KB  response.  This  indicates  that  binding  of  a- KB  and 
cyanide  does  occur.  At  a  concentration  ratio  of  1:4  the  peak  area  is  reduced 
about  50%. 


FIGURE  7. 


In  this  figure  the  y-axis  represents  the  peak  area  of  a-ketoglutaric  acid. 
The  x-axis  illustrates  the  combination  of  molar  ratios  of  a-ketoglutaric  acid 
and  cyanide  analyzed. 
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From  Figure  7,  the  presence  of  potassium  cyanide  affected  the  peak  area  of 
a-KG.  Thus,  a-KG  concentration  is  reduced.  At  a  ratio  of  1:4,  the  a-KG 
concentration  Is  reduced  approximately  40*,  indicating  that  CN  does  bind  a-KG. 

III.  Effects  of  a-Ketoqlutaric  Acid  (a-KG)  on  Distribution  of  Cyanide  (CN)  in 

Mice 

If  (a-KG)  does.  Indeed,  bind  CN  in  vitro,  then  a  possible  mechanism  of 
antagonism  of  CN  intoxication  could  be  the  binding  of  CN  by  a-KG  In  the  blood. 
This  binding  of  CN  should  result  In  a  retention  of  CN  in  the  circulating  blood 
and  a  reduction  in  distribution  of  CN  to  tissues. 

In  order  to  test  this  hypothesis,  experiments  using  radioactive  potassium 
cyanide  were  designed  to  determine  the  effects  of  binding  CN  by  a-KG  upon  the 
distribution  of  CN.  Radioactive  potassium  cyanide  {L\)  was  obtained  from 
Amersham.  One  group  of  animals  served  as  controls  and  received  only  potassium 
cyanide.  The  test  group  of  animals  received  a-KG  (1.0  gm/kg).  These  animals 
were  injected  with  (a-KG)  10  minutes  prior  to  cyanide  challenge.  Both  groups 
cyanide  challenge,  animals  were  decapitated  at  2.5,  5.5,  8.5  and  11.5  minutes 
after  the  dose  of  cyanide.  After  homogenization.and  preparation  of  samples,  the 
radioactivity  was  determined  by  counting  carbon*^  using  a  scintillation  counter 
(Beckman  LS1800).  The  results  of  these  experiments  are  shown  In  Figures  8,  9, 

10  and  11. 


FIGURE  8. 

The  effect  of  a-ketoglutaric  acid  pretreatment  upon  the  distribution  of 
cyanide  into  the  plasma  over  time. 
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The  effect  of  a-ketoglutaric  acid  pretreatment  upon  the  distribution  of 
cyanide  into  the  brainstem  over  time. 


The  effect  of  a-ketoglutaric  acid  pretreatment  upon  the  distribution  of 
cyanide  to  the  heart  over  time. 
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The  figures  present  data  that  a-KG  does  inhibit  the  movement  of  cyanide  out 
of  the  plasma  Into  the  tissues.  From  Figure  8,  the  plasma  levels  of  cyanide  of 
treated  animals  are  two  to  three  times  that  of  untreated  animals.  Whereas,  in 
brainstem  and  heart  tissue,  the  levels  of  cyanide  are  one-third  to  one-half  that 
of  the  animals  In  the  a-KG  treated  group  which  had  received  only  cyanide.  By 
binding  CN  In  the  plasma,  a-KG  would  Inhibit  the  movement  of  CN  Into  the  tissues 
and  exerting  its  toxic  effects  on  the  enzyme  systems.  In  this  manner,  a-KG 
would  function  as  an  antidote  for  cyanide  poisoning. 

IV.  Tfie  Effect  of  Keto  Acids  on  Lethality  Produced  by  Cyanide 

The  objective  of  these  experiments  was  to  determine  the  ability  of  a-keto 
acids  to  prevent  cyanide- induced  lethality.  Male  ICR  mice  (20-24  g)  were 
Injected  with  the  respective  a-keto  acids  l.p.  15  minutes  prior  to  the  l.p. 
Injection  of  potassium  cyanide.  A  lethality  curve  for  potassium  cyanide  was 
obtained  by  injecting  mice  with  increasing  doses  of  potassium  cyanide  l.p.  The 
LDSq  values  were  calculated  according  to  the  method  of  Litchfield  and  Wllcoxon 
(1947).  The  results  are  shown  In  Figure  11. 


FIGURE  11. 


A  plot  of  dosage  of  KCN  versus  %  death  In  animals. 

MPehydroascorblc,  glutamic,  a-ketovalerlc,  m-ketoaletaric ,  a-ketobetyrlc , 
a-ketoglutarlc  and  pyruvic  acids  were  obtained  from  Slams  Chemical  Company,  St. 
Louis,  PIO.  The  a-keto  acids  were  administered  (egulmefar  doses,  0.023G  Pf)  15 
minutes  prior  to  the  Injection  of  potassium  cyanide  (an  ID70  dose,  9.5  mg/kg. 
l.p.).  The  animals  were  observed  for  24  hours  fbr  toxic  and  lethal  effects. 
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TABLE  2. 

Protection  against  lethal  Effects  of  Cyanide  by  Keto  Acids 


Lethality  Results  Ratio 

Saline 

9/10 

6-KfiA 

9/10 

a-KBA 

1/10 

a-KGA 

2/10 

PYR 

5/10 

GLU 

8/10 

OEM 

3/10 

*Letha11ty  results  are  expressed  as  nuaber  of  dead  anlaals 
over  total  nuaber  of  anlaals  used. 


a-K6  and  a-K8  were  observed  to  be  the  aost  effective  protectants  against 
the  lethality  produced  by  cyanide.  Only  two,  and  one  anlaals,  respectively, 
died  when  Injected  with  an  L0M  of  potassua  cyanide  after  treataent  with  these 
a-keto  acids.  PYR  was  effective  In  protecting  five  of  the  anlaals  while  In  the 
dehydroascorblc  acid-treated  anlaals,  three  of  the  ten  anlaals  survived. 


Olutaalc  acid  was  nearly  Ineffective  and  B-ketoglutarlc  acid  was  totally 
Ineffective  In  Increasing  the  survivability  of  the  cyanide- tree ted  anlaals. 

TABLE  3. 


ti|Q  Values  of  Potesslua  Cyanide  In  Pretreated  A* Inals 


Pretrea  taent 

ID..  Values  of  Potasslua  Cyanide  (ag/kg,  l.p.) 
90  [951  confidence  Intervals] 

Saline 

7.39 

[6.50-8.94] 

PYR 

9.48 

8.42-10.62] 

B-hB 

7.69 

>.31-8.24] 

a-KB 

13.04 

11.77-15.32] 

a-«B 

23.94 

[21.36-27.90] 

Table  3  shews  the  LO,*  values  of  petesslua  cyanide  In  the  keto 
Id  pratmotod  anlaals.  ^he  f-RS  pretree taent  did  net  elevate  the  10..  value 
ad.  however,  e-hl  pretrea taent  significantly  elevated  the  LOg.  vafee  of  RCN 
I3.M  ag/kg.  Also,  n-hB  pretree  taent  significantly  elevated  the  LO..  value 
an  to  n Id  ag/kg.  50 
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V.  The  Effects  of  Keto  Acids  on  Cytochrome  Oxidase  Activity 


Since  the  Inhibition  of  the  enzyme,  cytochrome  oxidase.  Is  a  toxic  effect 
of  cyanide,  an  antagonist  of  cyanide  should  prevent  this  Inhibition.  To 
evaluate  tills  hypothesis,  cytochrone  oxidase  activity  was  assayed  utilizing  the 
spec tropho tone trie  method  of  Coopers te In  and  Lazarow  (I960).  Naive  mice  brains 
were  used  in  the  study.  Brain  homogenates  were  grouped  as  control,  CN-treated 
and  keto  acid  plus  CN  treated.  The  enzymic  activity  was  monitored  as  a  decrease 
In  the  absorbance  of  this  mixture  at  550  nn  with  a  Cary  17  spectrophotometer. 
Protein  concentrations  were  determined  by  the  method  of  Bradford  (1976).  In 
Figure  12  Is  shown  that  various  concentrations  of  a-KG  prevent  cyanide-induced 
Inhibition  of  brain  cytochrome  oxidase.  Concentration  of  0.05  and  0.06  m  a-KG 
prevented  1001  of  the  CN- Induced  Inhibition  of  cytochrome  oxidase  activity.  The 
activity  of  brain  cytochrome  oxidase  could  be  Inhibited  1001  by  cyanide  at  a 
concentration  of  10  1(. 


Prevention  of  cyanide  (-KCN)  Inhibition  of  cytochrome  oxidase  by 
m-ketogl uteri c  acid  (a-RB). 

Thus,  a-KG  Is  shown  to  be  very  effective  In  preventing  CN  Inhibition  of 
cytochrome  oxidase  In  these  In  vitro  studies. 
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In  Figure  13  none  of  the  concentrations  of  0-K6  prevented  cyanide- Induced 
Inhibition  of  brain  cytochroae  oxidase  activity. 

Another  a-keto  acid,  (a-KB)  was  shown  to  prevent  the  cyanide  Inhibition  of 
cytochroae  oxidase. 

Concentrations  of  0.05  and  0.06  N  a-KB  prevented  75*  of  the  cyanide- Induced 
Inhibition  (Figure  14). 


Prevention  of  cyanide  Inhibition  of  cytochroae  oxidase  by  a-ketobetyrlc  acid. 
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I 
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(Pfi) 


Prevent  Ion  of  cyanide  (CM)  Inhibition  of  cytochroae  oxidase  by  pyruvic  acid 
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In  Figure  15  It  Is  noted  that  PYR  was  not  particularly  effective  In 
preventing  the  cyanide  Inhibition  of  cytochrome  oxidase.  A  concentration  of  PYR 
of  0.06  M  was  only  30%  effective. 

This  ability  of  a-keto  acids  could  be  due  to  binding  CN  and  preventing 
access  of  CN  to  the  altochrondlal  site  of  the  cytochrome  oxidase  system.  B-KG 
was  Ineffective  In  preventing  the  Inhibition  of  cytochrome  oxidase  by  CN.  This 
Is  an  Interesting  finding  considering  the  fact  that  the  chemical  structure  of 
B-K6  and  a-KG  are  so  similar  (differing  only  In  the  position  of  the  carbonyl 
group). 

This  effectiveness  In  prevention  of  cyanide  Inhibition  of  cytochrome 
oxidase  by  a-KG  and  a>KB  correlates  with  the  binding  abilities  and  prevention  of 
the  lethal  effects  of  CN. 

VI.  Effect  of  a-Keto  Acids  on  Rhodanese  Activity 

Rhodanese  Is  a  transul furase  which  catalyzes  the  transformation  of  cyanide 
to  thiocyanate  (Vennesland  et  al.,  1982).  The  rate  and  extent  of  this 
transformation  Is  significant  as  a  means  of  detoxifying  cyanide.  The 
possibility  of  effect  on  this  enzyme  by  a-keto  acids  was  Investigated. 

Groups  of  ICR  mice  (20*24  g)  were  used.  The  animals  received  by  l.p. 
Injection,  saline,  CN  and  pretreatment  with  a-KG  15  minutes  prior  to  Injection 
of  CN.  The  animals  were  decapitated  one  minute  after  the  Injection  of  the  CN. 

Livers  were  quickly  removed  from  control  mice,  CN,  a-keto  acid  and  a-keto 
acld/CN  treated  mice.  Rhodanese  was  extracted  and  purified  from  the  livers 
according  to  the  method  of  Sorbo  (19S0).  The  results  of  these  studies  are  shown 
In  Table  4. 

TA8LE  4. 

Effect  of  a-Ketoglutaric  Acid  on  Rhodanese  Activity 


Grewp 

Treatment 

sen  (vmoles) 

SCR  (wg/ng/ protein) 

1 

none 

616.23 

2 

cyanide 

918. JO 

3 

n-tt 

908.76 

4 

cyenlde/n-HS 

907.94 

From  table  4,  there  was  me  statistical  difference  between  the  measured 
aaawnts  ef  thiocyanate  produced  In  the  animals  treated  with  CN/m-NB  acid  and 
theme  treated  with  CN  and  e-N.  It  Is  ef  Interest  that  there  Is  an  increase  in 
the  product  lea  ef  thiocyanate  with  e-M.  This  ceeld  he  an  additional  antidotal 
effect  ef  e~M.  This  aspect  ef  this  study  needs  to  he  eaplered  further. 

Frau  these  data*  It  does  net  appear  te  be  any  effect  by  the  n-teto  acid  an 
vhedauaee  activity  even  whan  CN  is  present.  Apparently,  rhsdenatt  activity  Is 
nut  tahthtted  by  the  o  tote  acid. 
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VII.  Effect  of  Lou  Doses  (0.0S  gm/kq)  of  g-Ketoqlutarlc  Acid  (a- KG) on  Lethal  It 


i7?TTarr«'T»K7Tir_niC>jj: 


The  purpose  of  this  group  of  experiments  was  to  determine  the  effectiveness 
of  a- KG  at  doses  lower  than  the  2.0  g/kg  dose  as  previously  used. 


Groups  of  10  ICR  male  mice  (20-24  g)  were  used.  An  LDg.  curve  for  CN  was 
established  In  order  to  determine  an  LDM  dose  to  be  used  for  antidotal  studies 
of  a-KG.  Calculations  were  according  tlrthe  method  of  Litchfield  and  Wllcoxon 
(1948).  A  dose  of  9.5  mg/kg  of  KCN,  l.p.,  was  determined  to  be  the  LD-q. 

Sodium  thiosulfate.  In  doses  of  0.1  g/kg  and  0.05  g/kg  was  adm1n1stere<ri5 
minutes  prior  to  the  Injection  of  potassium  cyanide.  The  dose  of  0.05  g/kg  of 
sodium  thiosulfate  was  determined  to  be  adequate.  Intraperltoneal  doses  of 
0.025  g/kg  and  0.05  g/kg  of  a-KG  were  used.  Then  groups  of  mice  were  pretreated 
with  0.05  g/kg  of  sodium  thiosulfate  and  0.05  g/kg  of  a-KG. 


F<«ir»  In  tin  (raph  I,  plottnd  t  daad 
»«d  M^SjOa  on  ttt  «  nil. 


an  tha  jr  nil  and  dotai  if 


0.029  0.029 


FIGURE  16. 


•g/kg  KCN 
g/kg  AKG 
g/kg  Na^SjOj 


Prevention  of  Lethality  by  Low  Doses  of  a-Ketoglutarlc  Acid 
and/or  sodium  thiosulfate 

From  Figure  16  It  can  be  observed  that  this  dosage  when  used  to  antagonize 
the  lethal  effects  of  CM  resulted  In  the  survival  of  17  of  20  mice  dosed  In  9.5 
ng/kg  (LD^)  of  KCN.  A  0 eee  of  0.06  gm/kg  of  a-KG  alone  resulted  In  the 
survival  It  16/10  mice  pretreated  with  CN. 

Increasing  tha  dMa  of  a-KG  free  0.026  to  0.06  g/kg  Increased  survivability 
of  the  animals  by  tilt  adding  sodium  thiosulfate  to  a-KG  increased  the 
survivability  by  Ml.  These  findings  would  indicate  that  an  assured  supply  of 
sal fane  sulfw  atoms  Is  essential  te  antidetlng  CM. 
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Figure  In  the  graph  Is  plotted  %  dead  on  the  y  axis  and  doses  of  KCN,  a- KG 
and  on  the  x  axis. 

VIII.  The  Effects  of  a-Ketoglutarlc  Acid  (g-KCN)  on  the  Production  of 
Hethemoglobln 

It  Is  recognized  that  methemoglobln  can  bind  CN  and,  act  as  a  cyanidp 
antidote.  This  series  of  experiments  was  done  to  determine  If  an  a-keto  acid, 
a>KG,  In  some  manner  enhanced  the  formation  of  methemoglobln  which  would  then 
bind  the  CN  rather  than  binding  CN  Itself.  In  order  to  standardize  the 
procedure,  nitrites,  known  to  produce  methemoglobln,  were  studied. 

Five  groups  of  five  male  ICR  mice  (22-24  g)  were  Injected  l.p.  with  amyl 
nitrite  (20  mg/kg),  sodium  nitrite  (80  mg/kg,  l.p.),  dimethyl ami nophenol  (DMAP) 
(49  mg/kg,  l.p.)  a-ketoglutarlc  acid  (2.0  gm/kg,  l.p.).  Blood  was  collected 
from  a  group  of  mice  at  each  time  point.  Methemoglobln  determinations  were  made 
according  to  the  method  of  Evelyn  and  Malloy  (1938)  as  described  by  Fairbanks 
and  Klee  (1986).  In  Figures  17a,  17b  and  17c  are  Illustrated  the  results  of 
these  studies.  It  can  be  seen  that  amyl  nitrite  produces  methemoglobln  very 
rapidly  (over  40%  methemoglobln  In  5  min)  with  a  short  duration  of  action.  The 
administration  of  sodium  nitrite  resulted  In  a  level  above  20%  methemoglobln  for 
at  least  one  hour.  Dimethyl ami nophenol  maintained  a  level  above  20%  for  15  min 
at  this  dose  level.  No  methemoglobln  production  was  seen  In  the  samples  of 
blood  collected  from  the  group  treated  with  a-ketoglutarlc  acid,  so  no  graph  is 
presented. 


Sodium  Nitrile 


Production  of  Methemoglobln 

Time  course  of  methemoglobln  production  by  sodium  nitrite  (40  mg/kg). 
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Production  of  Methemoglobln 

Time  course  of  methemoglobln  production  by  dimethyl ami nophenol  (DMAP  (20  mg/kg). 


AMYL  Nitrile 


Minute*  of  Exposure 
FIGURE  17c. 


Production  of  Methemoglobln 

Tlatr  course  of  methemoglobln  production  by  antyl  nitrite. 
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IX.  The  Effects  of  g-Keto  Acids  on  the  Production  of  Thiocyanate 

Two  groups  of  ICR  mice  (20-24  g)  were  selected.  Each  group  contained  20 
mice  each.  One  group  received  CN  (5.0  mg/kg)  only  and  the  second  group  received 
CN  and  a-KG  (1.0  gm/kg).  Plasma  samples  were  obtained  by  decapitation  of  the 
surviving  animals  at  specified  time  points.  Five  pooled  blood  samples  were 
centrifuged  to  obtain  plasma. 

Plasma  thiocyanate  levels  were  determined  on  the  plasma  samples  by  the 
method  of  Hernvich  and  Saunders  (1948)  as  modified  by  Isom  et  al.  (1982). 


The  effect  of  a-ketoglutaric  acid  upon  the  metabolism  of  cyanide. 


It  is  observed  that  there  was  no  significant  change  in  the  production  of 
thiocyanate  betwen  the  CN  treated  and  CN/a-KG  treated  animals. 

X.  Effect  of  a-Ketoglutaric  Acid  (q-KG)  on  Cyanide  (CN)-Produced-Metabolic 
Acidosis 


A  decrease  in  pH  of  blood  is  characteristic  of  CN  toxicity  (Graham  et  al., 
1977).  This  acidosis  Is  the  result  of  the  hypoxia  and  increased  production  of 
lactic  acid.  The  extent  of  this  acidosis  is  dose  dependent  and  correlative  with 
the  severity  of  cyanide  Intoxication. 

Groups  of  five  male  ICR  mice  were  dosed  with  2.0,  3.0,  4.0  and  5.0  mg/kg 
KCN,  i.p.  The  animals  were  decapitated  2.5,  5,  5,  8,  5  and  11.5  min  after  CN 
challenge  to  collect  blood  samples  for  determination  of  pH,  PC0»  and  bicarbonate 
contents . 

'  Measurements  were  made  on  an  Instrumentation  Laboratories  Blood  Gas 
Analyzer  Model  1306/282  Co-Oximeter.  Calibration  of  the  instruments  were  made 
prior  to  analyses  of  samples  according  to  the  suppliers'  directions. 
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KCN  (MG/KG) 

FIGURE  19. 

The  effect  of  cyanide  intoxication  upon  blood  pH  and  plasma  bicarbonate 
concentration. 

The  data  in  Figure  19  show  that  the  administration  of  KCN  produces  a 
dramatic  decrease  in  blood  pH  and  plasma  bicarbonate  at  a  dose  of  4  mg/kg. 
Increasing  the  dose  to  6  mg/kg  KCN  produces  a  pH  inconsistent  with  life. 


EFFECT  OFoC-KG  &  NAN02  PRETREATMENT 
ON  CYANIDE  INDUCED  PH  CHANGE 


-r*  _ 5* 

x  •.  ir  I*  . 


A-KQ  PRETREATMENT 

.—-a* 


. .  * 

O  NANO!  PNEATMENT 


NO  PRETREATMENT 


2.5  5.5  8.5  1  1:5 

MINUTES  POST  CYANIDE  INJECTION 
FIGURE  20. 

The  effect  of  o-ketoglutarlc  acid,  sodium  nitrite,  and  cobalt  EOTA 
pretreatment  upon  the  acidosis  produced  by  cyanide  intoxication. 
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Figure  20,  presents  data  of  blood  pH  after  a  dose  of  KCN  (5  mg/kg)  after 
pretreatment  with  a-KG  (1.0  gm/kg),  sodium  (NANO^),  40  mg/kg,  or  cobalt  EDTA  (20 
mg/kg).  All  three  CN  antagonists  prevented  the  tremendous  decrease  in  blood  pH 
as  is  observed  with  cyanide  alone.  Cobalt  EDTA  is  recognized  to  bind  CN. 

Sodium  nitrite  forms  methemoglobin  which  binds  cyanide.  a-KG  also  is  proposed 
to  bind  CN,  thus  preventing  histotoxic  hypoxia  and  resulting  acidosis. 

XI.  Effects  of  a-Ketoglutaric  acid  (a-KG)  in  Antagonizing  Toxic  Effects  of 

Cyanide  (CN)  in  Dogs  “ 

Three  male  beagle  laboratory-raised  dogs  (11/13  kg)  were  used  in  these 
experiments.  The  dogs  were  anesthesized  with  thlamylal  for  the  surgical 
procedure.  The  procedures  consisted  of  annulatlon  of  (1)  both  left  and  right 
femoral  veins,  for  i.v.  dosing  of  KCN  and  antidotes  and  venous  blood  samples; 

(2)  both  left  and  right  femoral  arteries  for  monitoring  arterial  blood  pressure 
and  sampling  for  blood  gas  measurements;  (3)  jugular  vein  for  cardiac  catheter 
implantation.  Cardiac  output  was  determined  by  thermodilution.  Heart  rate, 
contractility,  mean  arterial  pressure,  left  ventricular  pressure  and  mean 
pulmonary  arterial  pressure  were  recorded  using  a  DRA  Electronics  for  Medicine 
monitor.  Leads  for  recording  for  electrocardiograph  were  placed  for  lead  IV. 

Blood  samples  were  obtained  for  quantitation  of  cyanide  and  measurement  of 
blood  pH,  bicarbonate,  carbon  dioxide,  hemoglobin,  oxyhemoglobin,  volume 
percentage  and  partial  pressure  of  oxygen. 

Potassium  cyanide  was  infused  first  in  two  animals  at  a  rate  of  0.2 
mg/kg/min  until  the  toxic  effects  of  CN  on  the  heart  were  observed,  i.e., 
tachycardia,  arrhthymias,  etc. 

a-KG  was  injected  as  a  bolus  (1.0  mg/kg  over  2  min)  either  2  min  prior  or 
post  infusion  of  CN.  Once  the  cardiovascular  parameters,  i.e.,  arrhthymias,  had 
diminished  or  reversed,  the  infusion  of  KCN  was  restarted  and  the  procedure 
repeated  until  the  effects  in  animal  became  Irreversible.  At  this  point,  the 
animal  was  euthanized  with  thiamylal/succinylchol ine. 

Blood  gas  measurements  were  made  according  to  the  manufacturer's  procedures 
using  an  IL  1306  Blood  Gas  Analyzer  interfaced  with  an  IL  282  Co-oximeter 
(Instrumentation  Laboratories,  Cambridge,  MA).  These  instruments  were 
calibrated  prior  to  use  according  to  the  manufacturer's  directions. 

Cyanide  contents  of  blood  were  determined  by  the  method  of  Darr,  Capson  and 
Hlleman  (1980).  This  method  utilizes  a  Hewlett  Packard  5880  gas  chromatograph 
equipped  with  nitrogen  phosphorous  detector.  One  tenth  of  a  milliliter  of  blood 
is  treated  with  phosphoric  acid  to  free  the  cyanide  from  the  blood  in  an 
air-tight  reaction  vial.  Five  hundred  mlcrollters  of  vial  headspace  air  is 
injected  Into  the  gas  chromograph.  The  response  obtained  is  compared  with  a 
standard  concentration  curve  for  calculation  of  quantity  of  cyanide  present. 


Effects  of  Cyanide  and  -KG  Treatment  on  Blood  Gas  Values  in  Dog 
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Effects  on  Blood  Gas  Parameters:  From  the  values  In  Table  5,  it  is 
significant  that  the  percentages  of  oxyhemoglobin,  carboxyhemoglobin  and 
methemoglobin  remained  constant  (96-97%)  throughout  the  experiment.  As  expected 
with  cyanide,  the  volume  of  oxygen  increased  from  11.6%  to  27.1%  while  the 
partial  pressure  of  oxygen  decreased  only  slightly.  The  partial  pressure  of 
carbon  dioxide  decreased  from  38.9  to  15.4.  The  pH  of  the  blood  remained  fairly 
consistent  until  the  blood  level  reached  3. 0-3. 5  mg  (see  table). 


Effects  on  Cardiovascular  Toxic  Effects:  This  portion  of  the  work  and 
report  were  prepared  with  the  guidance  of  Angel  Markov,  M.D.,  Department  of 
Medicine,  University  Medical  Center. 


In  the  dogs  in  which  ct-KG  was  administered  prior  to  the  infusion  of 
cyanide,  it  appears  that  the  o-KG  protects  or  prevents  the  occurrence  of 
deleterious  effects  of  CN  on  conduction  properties  of  the  heart.  This  finding 
is  evidenced  by  the  EKG  recordings  in  which  no  effect  of  A -V  dissociation 
occurs,  indicating  that  the  bundle  of  his  is  intact  and  functional. 


FIGURE  21. 

Electrocardiographic  recording  during  experiment  with  laboratory  raised 
beagle  doq.  (a)  control,  (b)  after  infusion  i.v.  of  KCN  for  4  minutes  (0.2 
mg/kg/min),  (c)  after  bolus  injection,  i.v.  of  o-KG  (0.5  gm/kg). 

The  animal  remained  hemodynamically  stable  even  at  a  1.0  mg/kg  dose 
(considered  as  a  lethal  dose  by  this  method).  There  was  an  increase  in  cardiac 
output  as  expected.  The  mean  arterial  pressure  was  satisfactory  but  declined 
with  very  high  doses  of  CN.  At  a  very  late  stage  of  CN  infusion  (CN  blood  level 
of  4-5  mcg/ml),  there  was  noted  a  significant  increase  in  left  ventricular  and 
diastolic  pressure.  There  was  a  more  pronounced  effect  of  cyanide  as  the  dosage 
of  CN  increased  to  4  mg/kg,  pulmonary  arterial  pressure  was  abnormally  high, 
however,  the  systemic  hemodynamics  were  almost  normal.  There  was  an  increase  in 
pulmonary  arterial  pressure. 
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Pretreatment  with  a-KG  appears  to  prevent  circulatory  collapse  and  protects 
the  myocardium  from  the  effects  of  CN. 

The  fact  that  the  a-KG-treated  animal  was  able  to  survive  four  times  the 
lethal  dose  before  noticeable  cardiovascular  effects  indicates  that  a-KG  is 
effective  as  a  prophylactic  agent  in  cyanide  poisoning. 

In  the  animal  in  which  a-KG  was  administered  after  the  infusion  of  CN  was 
started,  the  effects  of  CN  on  the  hemodynamics  occurred  much  earlier  and  were 
more  pronounced.  At  that  point,  a-KG  alters  the  effects  of  CN  on  systemic  and 
pulmonary  hemodynamics,  for  the  system  is  restabilized  by  a-KG  infusion. 

It  should  be  emphasized  that  even  post-CN  treatment  with  a-KG  is  effective 
in  counteracting  the  toxic  effects  of  CN.  This  is  evidenced  by  the  fact  that 
the  dog  received  4  times  the  lethal  dose  of  CN  before  irreversible  cardiovascu¬ 
lar  effects  appeared. 

XII.  Effects  of  Cyanide  on  2,3-Diphosphoglyceric  Acid 

It  is  proposed  that  hemoglobin-oxygen  association  is  affected  by  the 
enzymically  catalyzed  production  of  2,3-dlphosphoglyceric  acid.  These  experi¬ 
ments  were  designed  to  test  the  possibility  of  inhibition  of  the  enzyme 
phosphoglycerate  mutase  by  cyanide  or  by  a-keto  acids  themselves.  Groups  of 
mice  (5  each)  were  selected  as  control,  cyanide  treated,  a-keto  acid  treated  and 
cyanide/a-keto  acid  treated.  Concentration  of  2,3-diphosphoglyceric  acid  was 
determined  according  to  the  procedure  in  Procedure  #665,  Sigma  Diagnostics.  In 
this  procedure  one  milliliter  of  heparinized  animal  blood  was  required  for  each 
test. 


The  sample  was  treated  with  enzyme,  triethanolamine  buffer  and 
phosphoglycolic  acid  solution.  Finally,  Fiske  and  Suborow  solution  is  added  for 
color  development.  The  intensity  of  color  is  measured  spectrophotometrically 
and  absorbance  is  compared  to  a  standard  concentration  curve. 

No  significant  difference  In  control  and  CN-treated  samples  in 
concentrations  of  2,3  diphosphoglyceric  acid  was  detected. 

TABLE  6. 


Sample 

Concentration  of  2,3  diphosphoglyceric  acid  (pM/ml) 

Control 

1.84±0.3 

Cyanide  treated 

1.76±0.2 

XIII.  Stability  of  Aqueous  Solutions  a-KG 

Since  a-KG  was  prepared  in  aqueous  solution  for  injection,  the  stability  of 
the  solutions  of  a-KG  was  determined.  A  solution  of  a-KG  prepared  thirty  days 
prior  to  use  was  compared  for  cyanide  antagonism  efficacy  with  freshly  prepared 
solution  of  a-KG  of  the  same  concentration.  One  group  of  mice  were  Injected 
with  doses  (2  g/kg)  from  the  freshly  prepared  solution  of  a-KG.  A  second  group 
were  injected  with  doses  (2  g/kg)  from  the  month-old  solution  of  a-KG. 
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TABLE  7. 

Stability  of  Solution  of  a-Ketoglutarlc  Acid 


Dose  of  KCH,  mg/kg 

Lethality  Results 

Month  old  solution 

Freshly  prepared 

of  a-KG 

solution  of  a-KG 

23.0 

7/10* 

7/10* 

25.0 

5/10 

4/10 

* 

Results  are  expressed  as  survivors  over  total  number  of  animals  dose.  Fro* 
this  experiment.  It  can  be  concluded  that  there  Is  no  significant  deterioration 
of  a-KG  In  aqueous  solution  over  a  30  day  period  of  time. 

From  the  lethality  studies  In  Table  7  the  solutions  of  a-KG  prepared  thirty 
days  previous  to  their  use  were  equal  In  effectiveness  as  the  freshly  prepared 
solution. 
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